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Abstract 
The results of preliminary experiments of Kyoto University Accelerator based Neutron Source (KUANS) is reported. 
The Time of Flight spectrum showing clear peak of thermal neutron is presented and neutron flux of 4000 n/cm2s at 
the 1.24 m from the moderator surface is evaluated. Preliminary results of time-resolved neutron radiography are also 
presented, which shows 10 minutes-exposure is enough to make clear images. Finally, some applications suitable for 
KUANS, such as reflectometer are suggested. 
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1. Introduction 
Kyoto University Accelerator based Neutron Source (KUANS) is a compact neutron source, which 
consists of commercially available proton linac (AccSys Technology, Inc.), Be-target, polyethylene 
moderator, carbon reflector and concrete shielding. The schematic view of KUANS is shown in the left of 
Fig. 1. The length of the linac is about 3 m. The distance between moderator surface and the exit of the 
neutron beam hole is 1.2 m. 
The energy of proton hitting the Be target is 3.5 MeV, which is just above the threshold energy of (p, 
n) reaction of Be. This relatively low proton energy provides low energy of emitted neutrons and hence 
the shielding around the target system can be reduced. 
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Fig.1. Schematic view (left) and photograph (right) around the moderator of KUANS. 
 
Fig. 2. Time of flight spectrum of KUANS. 
Be target of KUANS is a thin circular foil with thickness of 50 Pm brazed on Nb plate. The back side 
of the Nb plate is cooled with water to remove heat of proton beam. Since the target thickness is just 
below the range of 3.5-MeV proton in Be, almost all protons which are not captured by the Be nuclei stop 
in Nb, in which hydrogen blistering seldom occurs because of high conductivity of hydrogen in Nb.   
Emitted fast neutrons are moderated in polyethylene moderator with about 10×10×10 cm3-volume 
surrounded by carbon reflector. Moderated neutron beam is pulled out to the direction perpendicular to 
the incident proton beam.   
A photograph of KUANS is shown in the picture of Fig. 1. It shows the polyethylene moderator (white 
block) in the middle surrounded by carbon reflector (black block). The green blocks in the picture are 
polyethylene blocks with boric acid.   
In the present study, we would like to report basic properties of KUANS and the results of preliminary 
experiments and suggest some applications suitable to KUANS.   
 
2. Measurements and results 
The schematic view of the moderator and the beam hole is shown in Fig. 1. The polyethylene 
moderator which is placed behind the Be-target is surrounded by carbon reflector and a hole for 
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Fig. 3. Relation between proton current, neutron flux and monitor current. 
 
Fig. 4. Preliminary results of time resolved neutron radiography. 
extracting thermal neutrons lies in the direction perpendicular to the incident proton beam. The dimension 
of the beam hole is 10 cm (h)×10 cm (w)×124.5 cm (l). Near the exit, the beam hole is surrounded by 
polyethylene blocks with boric acid as shielding. All the experiments reported here were performed at the 
exit of the beam hole and hence the flight path of the neutron beam is 1245 mm.   
The first experiment is the measurement of time of flight (TOF) spectrum from the moderator. We 
used Li-glass scintillator with 1 mm-thickness and 2.5 mm×2.5 mm-area as a neutron detector. The 
scintillator is placed in the center of cross section at the exit of the beam hole. Condition of the proton 
accelerator is as follows: repetition rate of 80 Hz, pulse duration time of 80 Ps, and average proton current 
monitored at the exit of RFQ is 50 PA. Fig. 2 shows the time of flight spectrum. The horizontal and 
vertical axis expresses flight time in Ps and neutron counts/100s. Since the thermal peak around 500 Ps is 
obvious, the neutrons are moderated enough to perform slow neutron experiments.   
Using the same detector, we got the relation between proton current and neutron flux at the exit of the 
beam hole. In addition, we put a conductive wire to the target to monitor the real electric current. The 
relation between the proton current and the monitor current is also measured.  The measured relations are 
shown in Fig. 3. Horizontal axis is the output proton current at the exit of RFQ. Left vertical axis is 
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Fig.5. A reflectometer designed for KUANS. 
neutron flux derived from the integral intensity over the time range from 200 Ps to 10 ms in time of flight 
spectrum multiplied by the factor of 20 taking into account of detector area and detection efficiency. 
Right axis represents the monitor current in PA. In Fig. 3, triangles represent neutron flux, and squares 
stand for the monitor current. As can be seen clearly, the neutron flux and the monitor current depend 
linearly to the proton current. And neutron flux of 4000 n/cm2s is achieved at proton current of 50 PA. 
The cause of the difference between the monitor current and the RFQ proton current may be a) leakage of 
the current from the target through cooling water, and b) loss of the proton beam in the flight tube due to  
blur of the proton beam.   
We made preliminary experiments of neutron radiography, using the combination of ZnS-scintillator 
and position sensitive PMT (Hamamatsu Photonics Co.), which enables us to detect neutrons with their 
position and flight time. The results are shown in Fig. 4 for the exposure time of 700 sec. Four images 
corresponding to different flight time range are presented. Below each image, there shows flight time 
range and corresponding neutron wavelength range. The objects of the radiography are 1 mm-thick Cd 
plate (left hand side in the image) and handy-electric generator made mainly of plastic. Fig. 4 shows 
clearly the difference of images depending on the neutron wavelength, i.e. in picture 1, Cd plate is 
transparent for neutrons with the wavelength up to 0.063 nm, and in picture 2 to 4, contrast of images of 
the components of the generator becomes clear as the wavelength of neutron gets longer. It can be 
concluded that 10-minutes exposure time provides clear time-resolved radiography of KUANS. 
 
3. Spectrometers to KUANS 
Spectrometers designed for KUANS require high efficiency because of low neutron flux of KUANS. 
Coherent elastic scattering is the scope of such spectrometers.    
The utilization of the multi-angle reflectometer shown in Fig. 5 will be an example. Neurons from the 
moderator hit the flat sample and some neutrons are reflected by the sample and detected by the position 
sensitive detector system, consisting of ZnS scintillator and PSPMT. Neutrons incident to the sample are 
not so much collimated in order to measure the TOF spectrum for various incident angle simultaneously. 
Although neutron flux of KUANS is low, the simultaneous multi-angle measurement improves the data 
quality and shortens the measuring time. We have performed McStas simulation and the reflectometer is 
ready to be installed. In the simulation, the slit before the sample is situated at 1.2 m from the moderator 
surface limits the cross section of the neuron beam within 1 mm (w)×30 mm (h). We adopt 3Q-
supermirror as a sample, and consider the incident angle of neutron beam between 5 mrad and 10 mrad. 
Assuming specular reflection, the neutron reflectivity of 3Q-supermirror is reproduced down to 10-3 with 
enough measuring time (several hours).   
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In addition, some spectrometers based on elastic scattering of neutrons such as radiography, CT-
imaging, total cross section measurement, will be applicable to KUANS.   
 
4. Conclusion 
In this report we present the results of preliminary experiments using KUANS. In the TOF spectrum 
from polyethylene moderator there exist clear peak of thermal neutrons. The neutron flux at the position 
of 1245 mm-distant from the surface of the moderator is about 4000 n/cm2s for 50-PA proton current. 
Also we have taken time-resolved images of a sample with the detector system with ZnS scintillator and 
PSPMT. The results clearly show that 10-minutes exposure is enough for KUANS to get time resolved 
images.   
